INTRODUCTION
Since the direct method of the calculus of variations in general produces weak solutions one of the basic questions is the regularity problem. Is the generalized solution a classical solution, does it have singularities, how large can the singular set be? In the theory of harmonic mappings between Riemannian manifolds there is a big difference -regarding these questions -between the two-dimensional and the higher dimensional case. If the domain of definition of the mappings has dimension n > 3 even c.f. [ 17] . Here, we are concerned with the two-dimensional case. In contrast to higher dimensions it had already been proved by C.B. Morrey in [18] that in two dimensions energy minimizing harmonic maps are regular. In fact, Morrey's method works more generally for variational integrals growing quadratically w.r.t. the gradient of the map. However, in many situations one is interested not only in the minimizers but also wants to know the whole set of critical points.
As is well known there is an intimate connection between twodimensional harmonic maps and two-dimensional minimal surfaces. For example, if N is a Riemannian manifold it turns out that every harmonic map u : S2 -+ N is in fact a parametric minimal surface (or constant). In general, a harmonic map is a parametric minimal surface (possibly with branch points) provided it is conformally parametrized. In this case the energy integral equals twice the area of the mapping.
Since in [6] the author proved that weak H-surfaces with finite area are regular in the interior it follows that conformally parametrized harmonic maps having finite energy also are regular in the interior. In [10] , see also [3] , it was then shown that the method of [6] can be modified to work for minimal surfaces with a free boundary. Later, technical improvements and generalizations were given in [4] , [11] , [9] , [ 14] , and [15] . The behaviour of minimizers near the free boundary had before been investigated by H. Lewy [16] and W. Jager [13] . For more references the reader is referred to the relevant sections of [1] ] and [2] as well as to the earlier monographs by J.C.C. Nitsche [19] , and [20] .
Let us now turn to harmonic maps which are not necessarily conformally parametrized. Nevertheless (2) (respectively its analogue in the Riemannian case) is a weakly holomorphic L1-function. Using this observation and a simple construction c.f. [8] , and [22] for a slightly more complicated argument, the question of interior regularity for stationary harmonic maps could be reduced to the case treated in [6] .
In this paper we are going to show how these arguments can be modified to give regularity for stationary harmonic maps with a free boundary.
Let us mention here that the regularity question for weakly harmonic maps in the interior case has successfully been solved by F. Helein in [12] . Later, J. Qing [21] ] using Helein's result was able to show regularity at the fixed boundary ( Alternatively, this can also be deduced from the fact that (6) implies (take ~° E Hl 2 (B+, ~3) the harmonicity of X :
An important step in the regularity proof will be the fact that (5) implies that ~ is regular up to the boundary I. Although this is more or less well known, for the convenience of the reader we repeat the short proof given in [23] , see also [5] . First, note that (5) it follows -by the famous Schwarz reflection principle -that ~ is (weakly) holomorphic on B. To see this consider any E C) and using (9) and ~ ( ~'~ ) = ~c3~) * check that (3) has been treated in [11] . By the same reasoning as in the model case we may again conclude that
~ is real-valued on I.
Geometrically and it is straightforward to check that the analogue of the Lemma in section 2 holds, i.e. Uo is a stationary point of I.
To be able to apply the arguments from [11] ] one has to impose an additional compatibility condition on the supporting surface S and the coefficients in the original functional I. In the case of the integral (3) one had to assume that the vector field Q is tangential along S. This condition turns out to be equivalent to the fact that the surface Uo (B+) intersects the supporting surface S orthogonally along the free boundary I. However, since it is not clear that such a condition is really necessary we shall not be more explicit here.
Let us now turn our attention to the case of harmonic maps which are stationary for a free boundary problem in a Riemannian manifold. The corresponding problem for minimal surfaces (= conformally parametrized harmonic maps) has been investigated by J. Jost in [14] and [15] . First, we are going to consider the situation treated in [ 14] . There, Jost [14] respectively in section 5 of [15] . The result proved by Jost now implies Theorem 2.
2. Our method also works in the piecewise smooth case considered in [15] Here, one considers a surface S C (~3 of class (at least) C2 such that the boundary c~s of the manifold S is a regular one-dimensional submanifold of class C2 such that the following assumption is satisfied (compare [10] and section 7.6 of [2] for some 03B1 C (0, 1 ) have The question of higher regularity -note that C1,1/2 is optimal in the minimal surface case if c~s ~ ~ -will not be discussed here. Instead, the interested reader is referred to section 7.7 of [2] . D
